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EFFECTS OF WITHIN-CLASS DIFFERENCES IN SAMPLE RESPONDING ON ACQUIRED
SAMPLE EQUIVALENCE

PETER J. URcUIOLI AND MARCO VASCONCELOS

PURDUE UNIVERSITY

Two experiments examined whether acquired sample equivalence in many-to-one matching was
affected by variation in sample-response requirements. In each experiment, pigeons responded on
cither identical or different response schedules to the sample stimuli that occasioned the same
reinforced comparison choice (i.e., to the within-class samples). Transfer-of-control tests were then
conducted to determine acquired equivalence, or lack thereof, between these samples. In both
experiments, there was minimal or no evidence of acquired sample equivalence when pigeons
responded differently to the samples within each common-choice class. By contrast, transfer was
observed if pigeons responded (a) identically to all sample stimuli, or (b) identically to samples within
each common-choice class (viz., to samples that occasioned the same reinforced choice) and differently
to samples from different classes (viz., to samples that occasioned different choices). These results may
help to explain the recent lack of evidence for response membership in pigeons’ acquired equivalence
(Urcuioli, Lionello-DeNolf, Michalek, & Vasconcelos, 2006). They also raise questions about the
functional sample stimuli and about possible interactions between acquired equivalence and acquired
distinctiveness.
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The many demonstrations of acquired
equivalence and other forms of categorization
using nonhuman animals (e.g., Bhatt, Wasser-
man, Reynolds, & Knauss, 1988; Bovet &
Vauclair, 1998; Cook, Katz, & Cavoto, 1997;
Edwards, Jagielo, Zentall, & Hogan, 1982;
Honey & Hall, 1989; Schusterman, Reich-
muth, & Kastak, 2000; Urcuioli, Zentall,
Jackson-Smith, & Steirn, 1989) show that
complex, ostensibly higher-order behavior
likely reflects basic processes common to many
species. Indeed, this belief has fostered wide-
ranging lines of research as exemplified in
Wasserman and Zentall’s recent (2006) collec-
tion of chapters on comparative cognition.

More narrowly, the literature on acquired
equivalence in nonhuman animals raises ques-
tions about how this phenomenon is related to
the extensively studied, highly analyzed phe-
nomenon of stimulus equivalence in humans
(Dougher & Markham, 1994; Saunders, Wil-
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liams, & Spradlin, 1996; Sidman, 1994).
Although there has been healthy debate about
the relation between these two phenomena
and about the possibility of a human/nonhu-
man division in stimulus equivalence (see, for
example, Dube, Mcllvane, Callahan, & Stod-
dard, 1993; Frank & Wasserman, 2005a; Hayes,
1989; Sidman, 2000; Vaughan, 1988, 1989; see
also Horne & Lowe, 1996), there is no debate
that these phenomena demonstrate that new
behavior and new stimulus control relations
can emerge from training in ways not explica-
ble by primary stimulus generalization (Honig
& Urcuioli, 1981). Furthermore, experiments
with nonhuman animals permit another ave-
nue for testing hypotheses about the nature
and origins of equivalence classes in general
(Sidman, 2000).

For instance, in a recent series of experi-
ments with pigeons, Urcuioli, Lionello-DeNolf,
Michalek, and Vasconcelos (2006) tested Sid-
man’s (2000) contention that equivalence
relations can also include reinforcers and
responses if they, too, are differential with
respect to the task contingencies. Specifically,
Urcuioli et al. asked if different sample—
response patterns would join functional (or
acquired) equivalence classes that typically
arise from training on many-to-one (MTO)
matching (Urcuioli et al., 1989; Urcuioli &
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Lionello-DeNolf, 2001) if each individual
pattern occasioned the same reinforced com-
parison choice as another, visual sample
stimulus. Such an outcome would certainly
seem to be implied by Sidman’s (2000)
theoretical position.

To test the prediction, Urcuioli et al. (2006,
Experiments 1 and 2) arranged that a distinc-
tive hue sample (e.g., red) to which pigeons
pecked once, and a white center-key stimulus
to which they completed a differential-rein-
forcement-of-low-rates-of-responding  (DRL)
schedule, both occasioned one reinforced
choice; whereas a different hue sample (e.g.,
green) to which pigeons pecked once, and a
white center-key stimulus to which they com-
pleted a fixed-ratio (FR) schedule, both
occasioned the alternative reinforced choice.
After acquiring this MTO task to high levels
of accuracy, pigeons then learned a second,
“reassignment’ task (cf. Wasserman, de-
Volder, & Coppage, 1992) in which either
the two response patterns or the two hue
samples were established as conditional cues
for new comparison choices. Finally, the ability
of the remaining samples to cue those new
choices was tested. The prediction was that if
MTO training produced acquired equivalence
between sample-response patterns and visual
samples that occasioned the same reinforced
choice, these class elements should also be
interchangeable with one another in new
contexts (i.e., in testing). In other words, each
sample appearing in testing should immedi-
ately occasion the same comparison choice
that its common-choice sample counterpart
had occasioned during reassignment training
(cf. Goldiamond, 1962).

However, the transfer effect did not materi-
alize in these experiments or in a conceptually
similar one (Urcuioli et al., 2006, Experiment
4) that used a multiple rather than a mixed
schedule to generate the DRL vs. FR sample—
response patterns during MTO training. The
negative findings were surprising for two
reasons. First, they contrasted with transfer
results indicative of acquired equivalence
typically obtained from pigeons after MTO
training. Second, separate experiments inde-
pendently confirmed that the DRL vs. FR
sample-response patterns had, in fact, cued
the pigeons’ comparison choices (cf. Urcuioli
et al. 2006, Experiments 3 and 5; see also
Urcuioli & Honig, 1980). Nevertheless, the
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results disconfirmed the hypothesis of re-
sponse membership in acquired equivalence
classes, and they led to the present experi-
ments which were designed to determine why
those results were obtained.

In view of previous studies showing that
pigeons can be rather literal creatures (e.g.,
for them, the same stimulus appearing in
different locations is a functionally different
stimulus—see Lionello and Urcuioli, 1998), we
surmised that stimuli to which pigeons peck
multiple times (e.g., on a DRL or FR schedule)
are functionally different than stimuli to which
they peck only once. Consequently, even
though white pecked on a DRL schedule and
red pecked once were conditional cues for the
same reinforced choice in Urcuioli et al
(2006, Experiments 1 and 2), this response
difference may have precluded an acquired
equivalence between them. Likewise, although
white pecked on a FR schedule and green
pecked once were conditional cues for the
same alternative choice, this difference may
have had the same inhibiting effect. Moreover,
the situation may have been exacerbated
because in addition to these within-class
differences, the MTO tasks used by Urcuioli
et al. (2006) also involved between-class
similarities in responding. In other words,
pigeons responded in a similar fashion to
samples  occasioning  different reinforced
choices (e.g., once to red and once to green,
and multiple times on both DRL and FR
trials).

Interestingly, nearly all demonstrations of
acquired sample equivalence in pigeons (e.g.,
Astley & Wasserman, 1999; Urcuioli et al.,
1989; Urcuioli & Lionello-DeNolf, 2001, 2005;
Urcuioli, Zentall, & DeMarse, 1995; Wasser-
man et al.,, 1992) have come from studies
involving matching tasks with identical sam-
ple-response requirements for all samples.
Thus, it could be that the negative results
reported by Urcuioli et al. (2006) do not
reflect limitations on membership in an
acquired equivalence class but, instead, the
within-class differences and between-class sim-
ilarities in sample responding mentioned
above. If so, then we should also find no
evidence of acquired sample equivalence after
training on a typical (i.e., all-visual-sample)
MTO task if sample-response requirements
are varied in a manner that mimics these
differences and similarities.



WITHIN-CLASS SAMPLE RESPONDING AND ACQUIRED EQUIVALENCE

343

Table 1

Schematic of the Many-to-One Contingencies in Experiment 1.

Differential Nondiff-Within All-FR
S1 « DRL — Cl+ S1«FR — Cl+ S1 « FR — Cl+
S2«FR — C2+ S2 «FR — C2+ S2 « FR — C2+
S3 « CRF — Cl+ S3 « CRF — Cl+ S3 « FR — Cl+
S4 « CRF — C2+ S4 « CRF — C2+ S4 « FR — C2+

Note. S1-S4 represent sample stimuli; C1 and C2 represent comparison stimuli, (+) = reinforced comparison choice,
DRL= differential-reinforcement-of-low-rates-of-responding schedule, FR = fixed ratio schedule, CRF = continuous
reinforcement schedule. DRL and FR schedule parameters and nonreinforced comparison choices are not shown.

This hypothesis guided the present experi-
ments. In each, pigeons initially learned MTO
matching with hues and lines of different
orientations serving as the nominal sample
stimuli. For all groups, one hue and one line
occasioned one reinforced comparison choice,
and the other hue and the other line
occasioned the alternative reinforced choice.
Groups differed from one another in their
sample-response requirements. For some pi-
geons, the same requirement was in effect for
samples that occasioned the same reinforced
choice (viz., for the ‘“‘within-class”’ samples)
whereas for others, different requirements
were in effect. We predicted that transfer tests
following a subsequent reassignment phase
would reveal acquired sample equivalence with
the former type of sample-response training
but not after the latter.

EXPERIMENT 1

Experiment 1 consisted of three MTO
training conditions (see Table 1), all of which
involved four visually distinct center-key sam-
ple stimuli (S1 — S4) and two comparison
alternatives (C1 and C2). Pigeons in the
Differential group were trained in the same
fashion as the pigeons in Urcuioli et al. (2006,
Experiment 4). On matching trials with
samples from one visual dimension (e.g., line
orientation), they obtained the comparisons
by pecking one sample (SI—e.g., vertical
lines) on a DRL schedule and the other
(S2—e.g., horizontal lines) on a FR schedule.
On matching trials with samples from an
orthogonal visual dimension (S3 and S4—
e.g., red and green hues), they obtained the
comparisons by pecking each sample once
(i.e., on a continuous reinforcement schedule,
or CRF). Note that the response requirements
differed for samples occasioning the same

reinforced choice but were identical or similar
for samples occasioning different reinforced
choices. For instance, for the two samples (S1
and S3) that occasioned the Cl choice,
pigeons completed a DRL requirement to
one but a CRF requirement to the other.
Likewise, for the two samples (S2 and S4) that
occasioned the C2 choice, pigeons completed
a FR requirement to one but a CRF require-
ment to the other. On the other hand, they
pecked once to both S3 and S4 each of which
occasioned different reinforced choices, and
they pecked multiple times to both S1 and S2,
each of which also occasioned different
reinforced choices. Despite the use of DRL
vs. FR requirements for this group, we were
not interested in, nor did we explicitly test for,
response membership in acquired equivalence
classes (Sidman, 2000). Rather, our concern
was an assessment of acquired equivalence
involving the SI and S2, and S3 and S4,
samples.

Group Nondiff-Within received training
similar to that for Group Differential: different
response requirements were scheduled for
samples occasioning the same reinforced
choice (e.g., FR to S1 but CRF to S3) and
identical requirements were scheduled for
samples occasioning different choices (viz.,
FR to both S1 and S2, and CRF to both S3 and
S4). For these pigeons, sample-response re-
quirements were nondifferential within both
the line (S1-S2) and hue (S3-S4) dimensions.
This group was of particular interest to our
working hypothesis because their contingen-
cies insured that comparison choices could
not be guided by differential (FR vs. CRF)
sample responding. Instead, choices had to be
cued (at least in part) by the samples
themselves.

Finally, Group All-FR was trained on a MTO
task that typically yields acquired sample
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equivalence. Pigeons in this control group
completed the same FR requirement to all
samples. Their training, then, did not involve
scheduled differences in responding to the
samples that occasioned a common reinforced
choice.

Following MTO acquisition, acquired sam-
ple equivalence was assessed in each group by
transfer-of-control tests (not shown in Ta-
ble 1). These tests evaluated the ability of the
line samples (S1 and S2) to immediately
occasion new comparison choices following
interim reassignment training during which
the hue samples (S3 and S4) were established
as conditional cues for those new choices. We
predicted transfer in Group All-FR, but not in
Groups Differential and Nondiff-Within.

METHOD
Subjects

Eighteen experimentally naive White Car-
neaux pigeons (Columba livia) began the
experiment. All were retired breeders ob-
tained from the Palmetto Pigeon Plant (Sum-
ter, SC) and were housed individually in
stainless-steel, wire-mesh cages in a colony
room on a 14h/10h day/night cycle (lights
on at 07:00). They were gradually reduced to
and maintained at 80% of their free-feeding
body weights by restricted feeding. During the
experiment, feeding was generally confined to
the experimental sessions. Home-cage feeding
occurred only when sessions were not run or
after sessions in which pigeons obtained
insufficient food to maintain 80% body
weights. Grit and water was freely available in
the home cages.

One pigeon in Group Nondiff-Within was
dropped from the experiment during reas-
signment training because of failure to learn;
it was not replaced. One Group Differential
bird was dropped due to experimenter error
and another due to inability to meet the
performance criterion during MTO training.
The latter birds were replaced by other
experimentally naive pigeons.

Apparatus

The experiment was run in two BRS/LVE
(Laurel, MD) three-key pigeon chambers
(Model PIP-016 panels inside Model SEC-004
enclosures). The interior dimensions of each
chamber, outlay of the panels, ventilation, etc.
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are described in detail elsewhere (e.g., Ur-
cuioli et al. 2006). The in-line stimulus
projector (BRS/LVE Model IC-901-IDD)
mounted behind the center response key
could display red and green homogeneous
fields, a small white dot on a black back-
ground, and three white vertical and three
white horizontal stripes also on black back-
grounds (BRS/LVE Pattern No. 692). The
projectors behind the left and right keys could
display blue, yellow, and white homogeneous
fields, and a white open triangle on a black
background (BRS/LVE Pattern No. 696). A
single IBM-compatible 386 computer con-
trolled stimulus presentations and recorded
responding in both chambers via a custom-
built interface.

Procedure

Preliminary training. Pigeons were trained
initially to eat reliably from a raised and lit
food hopper, after which the key-peck re-
sponse to the white dot on the center key was
shaped by the method of successive approxi-
mations. After key pecking was established,
single pecks to the various stimuli that would
later serve as sample or comparison stimuli
were reinforced during a series of 60-trial
sessions. The stimuli were presented either on
the center key (if later serving as samples) or
the left and right side keys (if later serving as
comparisons), and appeared equally often in
random order at their respective locations.
Trials in each session were separated by a dark
10-s intertrial interval (ITT). The duration of
food presentation was constant within a
session but varied from 2 to 6 s across sessions
in such a way as to maintain each pigeon’s
80% body weight.

Next, pigeons learned to obtain food by
pecking multiple times to vertical and hori-
zontal lines on the center key. For pigeons in
the Nondiff-Within and All-FR groups, the
same FR requirement was in effect for both
stimuli, with the FR value gradually increasing
from 3 to 10 over successive sessions. A
minimum of two sessions was conducted with
FR 10. For pigeons in the Differential group,
food was obtained by completing a DRL 3-s
requirement for pecking one line stimulus and
by completing a FR requirement for the other,
counterbalanced across subjects. As in the
other groups, the value of the FR was gradually
increased to 10 over successive sessions with at
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least two sessions at its final value. For all
groups, the vertical and horizontal lines each
appeared 30 times in pseudorandom order in
a session. Successive trials were separated by a
10-s ITI, the first 9 s of which was spent in
darkness. The house light came on for the last
1 s of the ITT and remained on until the end of
the reinforcement cycle. Reinforcement dura-
tions were adjusted daily as before. Group All-
FR then underwent this same training proce-
dure with red and green center-key stimuli.

The final phase of preliminary training for
all groups consisted of two to four sessions
containing an equal number of center-key
presentations (20) of all four stimuli (vertical,
horizontal, red, and green) in pseudorandom
order. When the center-key stimulus was red
or green, a single peck (Groups Differential or
Nondiff-Within) or 10 pecks (Group All-FR)
produced food reinforcement. When the
center-key stimulus was vertical or horizontal,
the DRL or FR contingency previously de-
scribed for each group was in effect. All other
procedural details were the same as before.

Many-to-one  (MTO) matching — acquisition.
MTO matching began after the end of prelim-
inary training. Each trial of MTO training
began with one of four sample stimuli (vertical,
horizontal, red, or green designated as S1 — S4
in Table 1) appearing on the center key. On
line-sample trials, completing an FR 10 sample—
response requirement to either vertical or
horizontal (Groups Nondiff-Within or All-FR)
or completing the DRL 3-s requirement to one
vs. an FR 10 requirement to the other (Group
Differential) turned off the sample stimulus
and produced blue and yellow comparison
alternatives on the adjacent side keys. On hue-
sample trials, these comparisons were obtained
by pecking once (CRF requirement—Groups
Differential and Nondiff-Within) or 10 times
(FR requirement—Group All-FR) to red or
green. A single peck to either comparison
turned off both and produced food or an
equivalent timeout period with the house light
off depending on whether the correct or
incorrect comparison, respectively, was pecked.
For all groups, pecking the blue comparison
was the correct (reinforced) choice on vertical-
sample (S1) and red-sample (S3) trials, whereas
pecking the yellow comparison was correct on
horizontal-sample (S2) and green-sample (S4)
trials. The alternative choices on these trials
were incorrect (nonreinforced).
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Each 96-trial MTO training session had an
equal number of the eight possible trial types
(four samples x two left-right positions of the
comparisons) randomly intermixed such that
no one trial type occurred more than three
times in a row. Successive matching trials were
separated by a 10-s ITI, the first 9 s of which
was spent in darkness. As before, the constant
reinforcement duration used in each session
was adjusted daily, as needed, for each bird so
as to maintain its 80% body weight. Individual
pigeons were trained on their respective MTO
tasks until they met a criterion of 90% or
better overall matching accuracy plus at least
87.5% accuracy with both line and hue
samples on five of six consecutive sessions.
Ten additional overtraining sessions then
followed.

Reassignment training. Next, each pigeon
learned to match the red (S3) and green
(S4) samples to new comparison alternatives
(the triangle and homogeneous white stimuli).
Each 100-trial reassignment training session
consisted of equal numbers of the four
possible sample—comparison combinations
(two samples x two left-right positions of the
comparisons), randomly intermixed with the
constraint that no combination occur more
than three times in a row. Pigeons in Groups
Differential and Nondiff-Within obtained the
comparisons by pecking each hue sample once
(CRF requirement), whereas pigeons in Group
All-FR had to complete an FR 10 requirement
for both red and green. The red or green
sample on each trial went off as the triangle
and white comparisons appeared (a 0O-delay
procedure). A single peck to either compari-
son then turned off both alternatives and
produced food or an equivalent timeout
period with the house light off depending on
whether that choice was designated as correct
or incorrect, respectively. For half of the
pigeons in each group, pecking the triangle
comparison on red-sample trials and pecking
the white comparison on green-sample trials
were correct (reinforced); for the remaining
pigeons, the opposite sample—comparison
relations were reinforced. Reassignment train-
ing was alternated with refresher training on
each pigeon’s respective MTO task and con-
tinued until matching accuracy in reassign-
ment was at least 90% correct for five of six
sessions. One pigeon in Group Nondiff-Within
was temporarily placed on a correction proce-
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dure after 32 reassignment sessions in order to
generate the requisite levels of performance.
While on correction, a nonreinforced choice
on any matching trial repeated that trial. Once
criterion levels of performance were achieved
with the correction procedure, the procedure
was discontinued and reassignment training
proceeded until criterion was again achieved.
For 3 pigeons in Group Differential, the
noncorrection performance criterion was re-
laxed because they were unable to maintain
accuracies above 90% correct for five of six
sessions. Nevertheless, they often exceeded
90% correct in a single session and were
routinely above 85% correct. Their average
accuracies for the five reassignment sessions
preceding testing were 89.6%, 89.4%, and
89.4% correct, respectively.

Following the last reassignment session,
pigeons received a single refresher session on
MTO matching on the day prior to acquired
equivalence testing.

Testing. During testing, pigeons matched
the remaining two (S1 and S2) samples from
MTO training (viz., the vertical and horizontal
lines) to the triangle and white comparisons
introduced during reassignment training. Pi-
geons obtained the comparisons on each
matching trial either by completing a FR 10
sample-response requirement to both vertical
and horizontal (Groups Nondiff-Within and
All-FR) or by completing a DRL 3-s require-
ment to one line sample and a FR 10
requirement to the other (Group Differen-
tial), as per each pigeon’s contingencies. For
half of the pigeons in each group, the correct
(reinforced) choice following each line sample
was consistent with the acquired equivalence
classes that potentially developed during MTO
training. For instance, since the vertical (S1)
and red (S3) samples occasioned the same
reinforced choice in MTO matching [as did
the horizontal (S2) and green (S4) samples],
then the reinforced choice on vertical-sample
test trials was the same choice that had been
reinforced on red-sample trials in reassign-
ment (and likewise for the horizontal-sample
test trials.) For the other half of the pigeons in
each group, the correct (reinforced) choices
in testing were inconsistent with [Red, Verti-
cal] and [Green, Horizontal] sample classes.

In each of the ten 100-trial test sessions, the
four possible sample—-comparison combina-
tions occurred equally often in pseudorandom
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order with the restriction that no combination
occur more than three times in a row. All
other procedural details were identical to
those for reassignment.

Statistical Analyses

Type I error rate for all statistical tests
reported here and in the following experiment
was set at .05 using the critical I* values
reported by Rodger (1975).

REsuLTs

Preliminary training established the expect-
ed response patterns to the stimuli that would
later serve as samples in the matching tasks. By
the end of preliminary training, pigeons
rapidly pecked the stimuli with the FR
requirement and, in Group Differential, ex-
hibited a pattern of spaced responding to the
stimulus with the DRL requirement. Across all
groups and stimuli, the average percentage of
interresponse times (IRTs) less than 1500 ms
was 99.5% for the FR stimuli (range: 98.6 —
99.9%), and the percentage of IRTs greater
than 1500 ms (Group Differential only) was
65.1% for the DRL stimulus (range: 40.6 —
93.8%).

Matching acquisition and baseline performan-
ces. Group All-FR reached criterion levels of
accuracy sooner in MTO matching (13.8
sessions) than Group Differential (39.2 ses-
sions) and Group Nondiff-Within (43.2 ses-
sions), F(2, 14) = 5.76, which did not differ
from one another, F(2, 14) = 0.08. Within
their respective tasks, Group All-FR achieved
criterion levels with equal rapidity on line- and
hue-sample trials: 11.2 vs. 11.0 sessions, respec-
tively, F(1, 5) = 0.08. By contrast, Group
Differential learned to match accurately faster
with the line than with the hue samples (13.7
vs. 39.2 sessions, respectively), F(1, 5) = 23.29,
as did Group Nondiff-Within (17.2 vs. 42.2
sessions, respectively) although the latter
difference was not statistically significant, F(1,
4) = 3.26. During reassignment, Group All-FR
reached criterion levels of accuracy in fewer
sessions (6.0) than either Group Differential
(31.0) or Group Nondiff-Within (22.6), F(2,
14) = 4.97, which did not differ significantly
from one another, F(2, 14) = 0.57.

Baseline performances prior to testing,
however, were comparable. On the last MTO
refresher session, average accuracies for
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Fig. 1. Average percentages of correct choice on the

first acquired equivalence transfer test for each group in
Experiment 1 as a function of class-consistent (solid bars)
vs. class-inconsistent (stippled bars) tests. Error bars
represent 1 standard error of the mean (SEM).

Groups Differential, Nondiff-Within, and All-
FR were 95.7%, 96.5%, and 98.6%), respective-
ly. Despite significantly higher accuracy for
Group All-FR, F(2, 14) = 4.33, these differenc-
es were clearly quite small. Pretest MTO
performances for pigeons assigned to the
consistent and inconsistent test conditions
were also comparable: 96.9% vs. 94.4% in
Group Differential, F(1, 4) = 1.44, 98.3% vs.
99.0% in Group All-FR, F (1, 4) = 0.57, and
97.2% vs. 95.3% in Group Nondiff-Within, F(1,
3) = 10.44. Although the latter difference was
significant, accuracies were nonetheless very
high, so the difference was not a concern.

For the five reassignment sessions that
immediately preceded testing, Group All-FR
matched more accurately (95.2% correct)
than Groups Differential (89.9%) and Non-
diff-Within (92.3%), F(2, 14) = 9.52, which
not differ from one another, F(2, 14) = 2.28.
The difference was not unexpected because
pigeons in Group All-FR pecked each hue
sample 10 times, whereas those in the other
groups pecked each hue sample only once.
More importantly, accuracies within each
group did not differ as a function of consistent
vs. inconsistent test assignments, largest F(1, 4)
= 2.69.

Testing. Figure 1 shows the average accura-
cies on the first test session for each group as
function of the consistent vs. inconsistent test.
Overall accuracy was above chance in the
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Nondill-Within All-FR

Differential

100

% Correct Choices

Subjects

Fig. 2. Average percentages of correct choice for
individual subjects by group in Experiment 1. Solid and
stippled bars indicate subjects receiving class-consistent
and class-inconsistent tests, respectively.

consistent condition and below chance in the
inconsistent condition for Groups Differential
and All-FR. For Group Nondiff-Within, accu-
racies were close to chance (50% correct) and,
not surprisingly, did not differ significantly
between consistent (47.3%) and inconsistent
(46.0%) test conditions, F(1, 3) = 0.03. By
contrast, accuracy was significantly higher in
the consistent test (69.7%) than in the
inconsistent test (40.3%) for Group All-FR,
F(l, 4) = 9.16. The accuracy difference
between test conditions for Group Differential
(62% vs. 36%, respectively), however, was not
significant, F(1, 4) = 2.15.

Individual-subject test data, shown in Fig-
ure 2, may help to explain the latter result.
Two of the Group Differential birds tested with
class-inconsistent relations matched well below
chance levels on their first test session (11%
and 30% accuracy, respectively), but the
remaining bird matched above chance (67%).

Discussion

One result from this experiment is clearly in
line with the hypothesis that acquired equiva-
lence does not develop between sample stimuli
that occasion the same reinforced choice if
those samples are otherwise responded to
differently. Specifically, pigeons in Group
Nondiff-Within did not show the typical
consistent-inconsistent difference in accuracy
during testing that followed reassignment
training with two of the four samples from
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MTO matching. During this group’s MTO
training, pigeons pecked one common-choice
sample 10 times but the other common-choice
sample only once. This variation was appar-
ently sufficient to preclude acquired equiva-
lence given that sample equivalence was
evident in Group All-FR. The latter group, in
which pigeons responded identically to all
samples, exhibited above-chance accuracy in a
class-consistent test but below-chance accuracy
in a class-inconsistent test (Urcuioli et al.,
1989, Exp. 2; Urcuioli & Lionello-DeNolf,
2001; see also Grant & Spetch, 1994, and
Wasserman et al., 1992).!

The test results from Group Differential,
however, challenge our working hypothesis.
Even though accuracies in the consistent and
inconsistent conditions for this group did not
differ significantly, substantial negative trans-
fer was observed for 2 pigeons that received
the inconsistent test. Although it might be
tempting to dismiss their performances as due
to nonequivalence-related factors given that
first-session accuracy for the other inconsistent
pigeon was above chance (67%), it is probably
easier to dismiss the latter result. After all, even
in the absence of acquired equivalence,
pigeons that peck one sample on a DRL
schedule and another on a FR schedule learn
to match those samples to the comparison
alternatives very quickly (Urcuioli & Honig,
1980), so the latter bird’s above-chance per-
formance might reflect especially rapid learn-
ing. From this perspective, the remaining 2
inconsistent birds matched well below chance
despite the facilitative effect of differential
sample responding on learning.

Furthermore, in contrast to Urcuioli et al.
(2006), the results from Group Differential
seem to suggest an acquired equivalence in
which sample-response patterns are class
members. But even assuming that this group’s
MTO training had produced acquired equiva-
lence between samples occasioning a common
choice, it is unclear exactly what some of the
functional samples were. After all, vertical and
horizontal center-key stimuli (S1 and S2 in
Table 1) occasioned the pigeons’ DRL and FR

! First-session accuracy for one of the All-FR birds in the
inconsistent condition was probably higher than it would
have been had a computer failure not interrupted its first
test session and required the session to be restarted. At the
time of the failure (the 31 trial of a 100-trial session), this
pigeon’s accuracy was 30% correct.
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Table 2

Schematic of the Many-to-One Contingencies in
Experiment 2.

Nondiff-Within
S1«FR — Cl+
S2«FR — C2+
S3 « CRF — Cl+
S4 « CRF — C2+
Between-Class
S1+«FR — Cl+
S2 « CRF — C2+
S3«FR — Cl+
S4 « CRF — C2+

Differential
S1 « DRL— Cl+
S2«FR — C2+
S3 « CRF — Cl+
S4 « CRF — C2+
Within-Dimension
S1«FR — Cl+
S2 « CRF — C2+
S3 « CRF — Cl+
S4+FR — C2+

Note. S1-S4 represent sample stimuli; C1 and C2
represent comparison stimuli, (+) = reinforced compar-
ison choice, DRL = differential-reinforcement-of-low-rates-
of-responding schedule, FR = fixed ratio schedule, CRF =
continuous reinforcement schedule. DRL and FR schedule
parameters and nonreinforced comparison choices are
not shown.

response patterns throughout MTO training
and in testing. Thus, class members might be
the vertical and horizontal lines themselves
rather than the response patterns.

EXPERIMENT 2

The purpose of Experiment 2 was twofold.
First, we wanted to replicate the test results
obtained in Experiment 1 from the conditions
in which pigeons pecked differently to samples
that occasioned the same reinforced choice
(viz., Groups Differential and Nondiff-Within).
Second, we wanted to assess the effects of
other across-sample variations in response
requirements.

Table 2 shows the four sets of MTO contin-
gencies used in this experiment. The top row
shows the contingencies for the two replica-
tion conditions. The bottom row shows the
contingencies for two other groups that
learned the same MTO sample—comparison
relations as Groups Differential and Nondift-
Within, but with different variations in sam-
ple-response requirements. For the Within-
Dimension group, pigeons were required to
complete different requirements to the two
samples within each visual dimension (viz.,
lines and hue) in order to obtain the
comparisons. Specifically, they had to peck
one line-orientation sample (S1) 10 times (FR)
but the other line-orientation sample (S2) only
once (CRF). Likewise, they had to peck one
hue sample (S4) on the FR schedule and the
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other hue sample (S3) on a CRF schedule. As
for Group Nondiff-Within, different response
requirements were in effect for samples
occasioning the same reinforced choices
(viz., FR for S1 but CRF for S3, and FR for
S4 but CRF for S2), and the same requirement
was in effect for samples occasioning different
reinforced choices (viz., FR to both S1 and S4;
CRF to both S2 and S3).

By contrast, pigeons in the Between-Class
group were required to complete the same
requirement to samples occasioning the same
reinforced choice and to complete different
requirements to samples occasioning different
reinforced  choices. Specifically, pigeons
pecked 10 times (FR) to both samples (Sl
and S3) for which Cl was the reinforced
comparison and once (CRF) to both samples
(S2 and S4) for which C2 was the reinforced
comparison. If “‘sample class” is defined in
terms of common choice, the variation in
response requirements for these pigeons is
entirely between classes.

Using the same transfer-of-control assay of
acquired equivalence as in Experiment 1, we
predicted especially strong transfer effects in
Group Between-Class because the sample
behavior arising from their response require-
ments provided a valid cue for choice. On the
other hand, we predicted that there would be
no transfer effects indicative of acquired
sample equivalence in Groups Nondiff-Within
and Within-Dimension because these pigeons
pecked differently to the samples within each
common-choice class and identically to the
samples between classes. Our working hypoth-
esis also predicts no acquired sample equiva-
lence in Group Differential, although the
individual results observed in this group in
Experiment 1 tempered our confidence in this
prediction.

MEeTHOD
Subjects and Apparatus

Twenty-four White Carneaux retired breed-
ers obtained from the same supplier used for
Experiment 1 participated in this experiment.
Fourteen were experimentally naive; the other
10 had participated in studies of ambiguous-
cue discrimination learning (Urcuioli & Mi-
chalek, 2007). Prior to the start of the
experiment, pigeons were randomly divided
into four groups (cf. Table 2) with the
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constraint that 2 or 3 experienced pigeons be
in each group.

The experimental chambers and control
equipment were the same as in Experiment 1
except that the side-key stimulus projectors
could now display red and green homoge-
neous fields, and a white open circle and a
white “X”” on black backgrounds (BRS/LVE
Pattern No. 696).

Procedure

Preliminary training. Experimentally naive
pigeons were trained initially to eat from a
raised and lit food hopper, after which the key-
peck response to the white dot on the center
key was shaped by the method of successive
approximations. Subsequently, they and the
experienced pigeons were trained over seven
sessions to peck all of the stimuli later used as
samples or comparisons in the matching tasks.
Those serving as samples appeared on the
center key and those serving as comparisons
appeared on the left and right side keys. A
single peck to each displayed stimulus was
reinforced with food. All other details of these
sessions were the same as in Experiment 1.

Next, all pigeons received training with red
and green center-key (sample) stimuli present-
ed equally often in each of six 60-trial sessions.
For the Differential and Nondiff-Within
groups, food was contingent on a single peck
(CRF) to either hue. For the Within-Dimen-
sion and Between-Class groups, food was
contingent on a single peck to one hue and
completion of a FR requirement to the other
hue, partially counterbalanced across birds.
The value of the FR was raised from 2 to 10
across sessions such that the terminal FR 10
schedule was in effect for the last two sessions.
All other details were identical to the corre-
sponding sessions in Experiment 1.

The last six preliminary training sessions
were conducted with vertical and horizontal
center-key lines. For Group Differential, com-
pleting a DRL 3-s requirement to one line and
an FR requirement to the other produced
food, counterbalanced across birds. For Group
Nondiff-Within, pecking both lines on the
same FR schedule produced food. For Group
Within-Dimension, food was contingent on a
single peck to one line and on completion of a
FR requirement to the other line with the
restriction that the response requirements for
vertical (S1) and horizontal (S2) be the same



350

as for green (S4) and red (S3), respectively (cf.
Table 2). Group Between-Class was treated like
Group Within-Dimension except that the
response requirements for vertical (SI) and
horizontal (S2) matched those for red (S3)
and green (S4), respectively. For all groups,
the value of the FR was gradually raised across
sessions in the manner previously described.
All other procedural details were the same as
before.

Many-to-one  (MTO) matching  acquisition.
MTO acquisition immediately followed pre-
liminary training. Each matching trial began
with either vertical, horizontal, red, or green
(S1 — S4 in Table 2) as the center-key sample.
For each sample stimulus, completing the
response requirement in effect at the end of
preliminary training immediately turned off
the sample and produced red and green
comparison stimuli (C1 and C2 in Table 2)
on the adjacent side keys®. For all pigeons, a
single peck to the red (Cl) comparison
following the vertical (S1) or red (S3) sample
was reinforced (+), as was a single peck to the
green (C2) comparison following the horizon-
tal (S2) or green (S4) sample. Pecking the
alternative comparison on these trials was
nonreinforced and immediately turned off
the house light for a period equal to the
reinforcement duration for that session. All
other details of these 96-trial sessions were
identical to the corresponding MTO sessions
in Experiment 1 including the same perfor-
mance criterion as well as the 10 postcriterion
overtraining sessions.

Reassignment training. During reassignment
training, pigeons in all four groups learned to
match the red (S3) and green (S4) samples to
new (X’ and circle) comparison stimuli. The
sample-response requirements for red and
green were identical to those for these samples
during each group’s MTO matching task.
Thus, a single peck (CRF) to either red or
green produced the comparisons in Groups
Differential and Nondiff-Within, whereas a
single peck to one hue vs. completion of a
FR 10 schedule produced the comparisons in
Groups Within-Dimension and Between-Class.
All other details, including daily alternation of

?Red and green comparisons were used in this
experiment instead of the blue and yellow comparisons
used in Experiment 1 to avoid any possible carryover
effects from the prior experimental histories of the
experienced (non-naive) pigeons.
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the reassignment sessions with refresher train-
ing on each group’s respective MTO matching
task, were identical to those in Experiment 1.
A single MTO refresher session at criterion
levels of accuracy preceded testing for each
pigeon.

Testing. During testing, pigeons matched
the remaining vertical-line (S1) and horizon-
tal-line (S2) samples from MTO training to the
“X” and circle comparisons from reassign-
ment training. The sample-response require-
ments for each pigeon were identical to those
in effect during MTO matching. Thus, to
obtain the comparisons, pigeons completed
either FR 10 sample-response requirement to
both line samples (Group Nondiff-Within), a
DRL 3-s requirement to one line and a FR 10
requirement to the other line (Group Differ-
ential), or a FR 10 requirement to one and a
single-peck (CRF) requirement to the other
(Groups Within-Dimension and Between-
Class). As in Experiment 1, each group was
divided into consistent and inconsistent sub-
groups for testing. In the consistent test
conditions, the reinforced “X’’ vs. “C”’ com-
parison choice on each line-sample trial was
identical to the reinforced choice after each
hue sample with which the line shared a
common choice association in MTO training.
In the inconsistent test conditions, each
reinforced line-sample choice was the opposite
of the reinforced choice following the hue
sample with which the line shared a common
choice association in MTO training.

Procedural details for the test sessions were
identical to those in Experiment 1.

REsuLTS

Once again, preliminary training established
schedule-appropriate performances to the
stimuli that would later serve as samples in
MTO matching—rapid, uninterrupted peck-
ing to the stimuli associated with the FR
requirements (all groups) and spaced pecking
to the stimulus associated with the DRL
requirement (Group Differential only). For
sessions with the FR 10 requirement, the
percentage of IRTs less than 1500 ms to the
FR stimuli, averaged across groups and stimuli,
was 98.9% (range: 97.5 — 99.7%). The average
percentage of IRTs greater than 1500 ms to
the DRL stimulus on the last two preliminary
training sessions for Group Differential was

61.2% (range: 38.6 — 90.7%).
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Matching acquisition and baseline performan-
ces. Group Between-Class required the fewest
training sessions to reach criterion (8.3) in
MTO matching, Groups Differential and Non-
diffWithin required the most sessions (37.5
and 37.7, respectively), and Group Within-
Dimension an intermediate number (21.2).
Post-hoc contrasts (Rodger, 1975) showed that
sessions-to-criterion did not differ between the
Differential and Nondiff-Within groups, (3,
20) = 0.00, but this was significantly greater
than for the Between-Class group, F(3, 20) =
17.98. Group Within-Dimension fell between
these two extremes, I(3, 20) = 1.04. Matching
acquisition with the line and hue samples was
equally rapid in the Within-Dimension and
Between-Class groups [Fs(1, 5) = 0.89 and
2.50, respectively], but was more rapid with
lines than with hues in the Differential and
Nondiff-Within groups [F5(1, 5) = 55.24 and
7.25, respectively]. For reassignment training,
Groups Within-Dimension and Between-Class
reached criterion in 8.8 and 12.7 sessions,
respectively [F(3, 20) = 0.08], compared to
36.0 and 31.7 sessions for Groups Differential
and Nondiff-Within, respectively [F(3, 20) =
0.07]. The difference in rate of acquisition
between the former and latter two groups was
significant, (3, 20) = 4.83.

Despite the various acquisition differences,
baseline performances prior to testing were
comparable across groups. On the last MTO
refresher, mean accuracies ranged from 94.8%
to 97.2% and did not differ significantly
between groups, F(3, 20) = 2.04. Likewise,
within-group accuracies for pigeons assigned
to the consistent and inconsistent test condi-
tions were also comparable: 95.1% vs. 96.2%
for Group Differential, 98.3% vs. 95.8% for
Group Nondiff-Within, 94.4% vs. 95.1% for
Group Within-Dimension, and 96.5% vs.
97.9% for Group Between-Class. Only the
difference for Group Nondiff-Within ap-
proached significance, F(1, 4) = 7.04, p =
.06, but even here accuracies were uniformly
high. Matching accuracy on the last reassign-
ment session ranged from 92.2% - 96.3%
across groups and did not differ significantly
between them, F(3, 20) = 1.97. Moreover, they
also did not differ significantly within each
group as a function of consistent vs. inconsis-
tent test assignments, largest £(1, 4) = 0.82.

Testing. Figure 3 shows each group’s aver-
age accuracy on the first test session as a
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Fig. 3. Average percentages of correct choice on the
first acquired equivalence transfer test for each group in
Experiment 2 as a function of class-consistent (solid bars)
vs. class-inconsistent (stippled bars) tests. Error bars
represent 1 SEM.

function of consistent and inconsistent testing
(black and stippled bars, respectively). Fig-
ure 4 shows the individual subject data for
each group.

The test data exhibit some interesting
features. First, as in Experiment 1, perfor-
mances in Group Nondiff-Within did not
differ between class-consistent and class-incon-
sistent tests: 54.7% vs. 54.0% correct, respec-
tively, F(1, 4) = .02. Second, the correspond-
ing difference for Group Differential (55.3%
vs. 48.3% correct, respectively), although
numerically much smaller than in Experiment
1 (cf. Figure 1), was statistically significant
here, F(1, 4) = 7.87, given the performance
consistency within each test condition (cf.
Figure 4). Third, as predicted, the Between-
Class group showed a large accuracy difference
across test conditions: 81.0% vs. 24.2%, re-
spectively, F(1, 4) = 112.27. Finally, contrary to
hypothesis, there was a significant test condi-
tion difference in Group Within-Dimension
which was due to lower first-session accuracies
in the consistent than in the inconsistent
condition: 42.0% vs. 76.0% correct, respective-
ly, F(1, 4) = 16.67.

Considering that the matching contingen-
cies for Group Differential here and in
Experiment 1 were virtually identical, and
likewise for Group Nondiff-Within, and that
these two MTO training conditions were of
particular interest to our working hypothesis,
we combined the test results from each group
across experiments for additional analysis.
Figure 5 plots the combined data for the first
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Fig. 4. Average percentages of correct choice for individual subjects by group in Experiment 2. Solid and stippled
bars indicate subjects receiving class-consistent and class-inconsistent tests, respectively.

five test sessions. For the Differential condi-
tion, accuracy was higher overall in the
consistent than in the inconsistent test. How-
ever, ANOVA showed no significant test-
condition difference either on Day 1 testing
or averaged over test sessions, /5(1, 10) = 3.68
and 3.56, respectively. The interaction be-
tween Test Condition and Test Session was
also not significant, F(4, 40) = 1.00. For the
Nondiff~Within condition, accuracies in the
two test conditions were virtually indistinguish-
able. Not surprisingly, there was no significant
effect of test condition on Day 1 accuracies or
averaged over test sessions, F5(1, 9) = .00 and
.04, respectively, and no significant Test
Condition x Test Session interaction, F(4, 36)
= .60.

Discussion

This experiment replicated the results from
Group Nondiff-Within of Experiment 1 by
showing that acquired sample equivalence
does not develop in MTO matching if pigeons

respond (a) differently to the samples occa-
sioning the same reinforced choice and (b)
identically to samples occasioning different
reinforced choices. This conclusion is rein-
forced by analysis of the combined test results
from this treatment condition across Experi-
ments 1 and 2.

The Day 1 test data from Group Differential
in this experiment indicated acquired sample
equivalence despite differences in responding
to the common-choice samples using DRL vs.
FR sample-response requirements (cf. Ur-
cuioli et al. 2006). Nonetheless, when the
results from this condition were combined
across experiments, statistical analyses indicat-
ed no acquired equivalence despite a numer-
ical test-condition difference in the proper
direction. Perhaps the best that can be said
about Group Differential is that the results
lack the sort of subject-to-subject consistency
that would make a firm conclusion possible.

By contrast, the results from Group Within-
Dimension not only showed an unambiguous



WITHIN-CLASS SAMPLE RESPONDING AND ACQUIRED EQUIVALENCE

Differential
100
w 901
8 L
:é 80 r
o 70
g 60 |
[} L
o 0 )
£ a0k ® Consistent
30 - O Inconsistent
0 T 1 1 1 1 1
1 2 3 4 5
100 - Nondiff-Within
w 0r
] L
.% 80 [
5 70
7 L
o 60 r
E L
O ST
TN
30 r
0 T 1 1 1 L 1
1 2 3 4 5

Test Session

Fig. 5. Average percentages of correct choice for
Groups Differential and Nondiff-Within in Experiments 1
and 2 combined over five successive transfer-test sessions.
Filled and open symbols indicate class-consistent and class-
inconsistent test, respectively. Error bars represent
+1 SEM.

test-condition difference that was contrary to
prediction, but the difference itself was pre-
cisely the opposite of that predicted by
acquired sample equivalence. In other words,
accuracy in the class-consistent condition was
lower than in class-inconsistent condition,
rather than vice versa (e.g., Urcuioli et al,,
1989). Closer examination of the reassignment
and test contingencies for this group (see
Table 3), however, reveals the likely explana-
tion for this odd finding.

During reassignment training for Group
Within-Dimension, the pigeons’ sample-re-
sponse patterns (i.e., CRF vs. FR) provided a
valid cue for choosing between the C3 and C4
comparisons. Indeed, conditional stimulus
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control by such differential sample responding
is well established in the literature (Urcuioli &
Honig, 1980; see also Fetterman & MacEwen,
2003; Hogan, Zentall, & Pace, 1983; Lydersen
& Perkins, 1974). If such control did develop
in this group during reassignment training, it
is likely to have continued in testing, resulting
in a preference for the C4 comparison on S1
test trials and for the C3 comparison on S2 test
trials (as underlined). The net effect of this
would be above-chance accuracy in the incon-
sistent condition and below-chance accuracy in
the consistent condition, just as observed.

Interestingly, the apparent control by CRF
and FR responding during reassignment de-
veloped despite the fact that these response
patterns had been wuncorrelated with the
reinforced choices (Cl and C2) during MTO
training. If pigeons had to rely on the visual
characteristics of the samples to perform
accurately in MTO matching, why didn’t those
samples exert dominant conditional control
during reassignment? Stated otherwise,
shouldn’t the already established sample cue
from MTO training block conditional control
by a CRF vs. FR cue during reassignment (cf.
Kamin, 1969; Haggbloom, 1981; vom Saal &
Jenkins, 1970)? The answer is ‘“‘no.” Unlike a
blocking procedure, the choices ‘‘signaled’ by
the sample and sample-response cues during
reassignment training (C3 vs. C4) differed
from those ‘‘signaled” by the sample cue in
MTO matching (Cl vs. C2). This change
should promote unblocking (e.g., Dickinson,
Hall, & Mackintosh, 1976)—in other words, it
should permit the added CRF vs. FR cue in
reassignment to acquire substantial control
over choice.

Control by a CRF vs. FR cue can also explain
the test results from Group Between-Class.
These two schedules were correlated not only
with the C3 vs. C4 choices during reassignment
but also with the C1 vs. C2 choices during
MTO training (cf. Table 2). In other words,
throughout training, the Between-Class pi-
geons could base their comparison choice on
whether they pecked the sample stimulus once
or 10 times. The same was true in testing.
Thus, acquired sample equivalence is not
necessary to explain the above-chance accura-
cy in the consistent test condition and below-
chance accuracy in the inconsistent test
condition for Group Between-Class. If ac-
quired equivalence had contributed to their
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Table 3

Schematic of Training and Testing for Group Within-Dimension in Experiment 2.

Training

Many-to-one

Reassignment

Testing

S1«FR — Cl+
S2 « CRF — C2+
S3 « CRF — Cl+
S4«FR — C2+

S3 « CRF — C3+
S4+«FR — C4+

S1+«FR — C3vs. C4
S4 « CRF — C3 vs. C4

Note. S1-S4 represent sample stimuli; C1-C4 represent comparison stimuli, (+) = reinforced comparison choice, FR =
fixed ratio schedule, CRF = continuous reinforcement schedule. FR parameters and nonreinforced comparison choices
are not shown. Underlining of C4 and C3 indicates comparison choices predicted during Testing if these choices had
been cued by the CRF and FR sample-response patterns during Reassignment training.

test performances, there should be a larger
absolute accuracy difference between consis-
tent vs. inconsistent test conditions for this
group than for Group Within-Dimension.
Although this was true numerically (e.g., 57%
vs. 34%, respectively, on the first test session),
it was not statistically significant in ANOVA,
F(1, 8) = 0.63. Likewise, when all test sessions
are considered, the Group x Test Condition
interaction was not signiﬁcant?', F(1, 8) = 2.67,
nor was the Group x Test Condition x Test
Session interaction, F(9, 72) = 0.69.

GENERAL DISCUSSION

The two experiments reported here clearly
demonstrate that transfer of matching perfor-
mances to derived sample-comparison rela-
tions following MTO training depends upon
sample-response requirements. When those
requirements are the same for all sample
stimuli (Group All-FR, Experiment 1), transfer
indicative of acquired equivalence between
samples that have occasioned the same rein-
forced choice is observed. Transfer is also
observed when pigeons respond similarly to
samples occasioning the same choice, but
differently to samples occasioning different
choices (Group Between-Class, Experiment 2).
However, as just explained, this latter finding
probably reflects conditional control by the
pigeons’ sample-specific behavior (cf. Urcuioli
& Honig, 1980) and need not appeal to

3For this analysis (and the one immediately following),
the data from Group Within-Dimension were reorganized
such that “‘consistent’” and “‘inconsistent’” had the same
meaning as for Group Between-Class: namely, referring to
the relation between the pigeons’ FR vs. CRF sample
behavior and the reinforced choices in testing vis-a-vis the
relation in reassignment training.

acquired equivalence between samples by
virtue of their common choice association in
MTO training.

Overt response mediation as a possible
explanation for transfer in acquired equiva-
lence studies has also been an issue in
demonstrations of the transfer observed be-
tween stimuli that signal a common reinforc-
ing outcome (cf. Urcuioli, 2005). For example,
Astley and Wasserman (1999, 2001) found that
stimuli signaling a common delay to reinforce-
ment or a common amount of food reinforce-
ment were interchangeable with one another
in other contexts. In other words, after a new
behavioral (i.e., choice) function was explicitly
conditioned to one stimulus in each outcome
class, this function immediately generalized to
the other stimulus in the class, resulting in
transfer performances indicative of acquired
equivalence. However, because pigeons re-
sponded at different rates to the stimuli in
each outcome class (viz., at higher rates to
stimuli signaling a large amount of, or a short
delay to, food reinforcement), the transfer
results might reflect acquisition of stimulus
control over performances by the different
response rates during reassignment (see also
Urcuioli & DeMarse, 1994) given that those
same performances were required in testing.
On the other hand, subsequent research by
Frank and Wasserman (2005b) indicates that
such overt response mediation is not necessary
for the observed transfer effects in these
differential outcome paradigms.

In any event, the issue of overt response
mediation here is confined solely to Groups
Between-Class and Within-Class of Experiment
2. The former group was included in the
design of Experiment 2 to show that across-
sample variation in response requirements per
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se does not preclude transfer between samples.
An important consideration is whether differ-
ential sample responding arising from those
requirements provided and continues to pro-
vide a valid cue for choosing between the
comparison alternatives appearing in testing
(Urcuioli, 1985). For both these groups, that
was the case, and their transfer results are
explicable by this account.

The data of greater interest are those from
Groups Differential and Nondiff-Within for
which response-mediated transfer was not a
possibility. In both groups, pigeons responded
differently to samples that occasioned the
same reinforced choice in MTO matching
but similarly to (at least some of) the samples
that occasioned different reinforced choices.
For Group Nondiff-Within, the net effect of
this variation was to nullify acquired sample
equivalence that would otherwise occur (cf.
Group All-FR in Experiment 1). Transfer to
derived sample—comparison relations, the
equivalence assay, was absent for these pigeons
in Experiment 1 and in Experiment 2 and
when the data from both experiments were
combined. Similarly, analysis of the combined
data for Group Differential points to the same
conclusion—no acquired sample equivalence.
However, in view of the individual-subject
results in Experiment 1, and the significant
test condition effect on Day 1 testing in
Experiment 2, perhaps a more defensible
claim is that the sample-response require-
ments for Group Differential weakened the
effect of common choice associations on
acquired sample equivalence.

Variation in sample-response requirements
amounts to explicit discrimination training
between those samples (Urcuioli & Callender,
1989). Furthermore, such discrimination train-
ing has long been thought to produce an
acquired distinctiveness of cues (cf. Hall,
1991), resulting in facilitation of performance
on an orthogonal discrimination involving the
same cues (e.g., Lawrence, 1949; Reese, 1972;
Urcuioli & Callender, 1989). The present
experiments were not structured in a way that
would permit a distinctiveness assessment.
Nevertheless, it may be worthwhile to specu-
late about the possible contribution of sample
distinctiveness to the lack of acquired sample
equivalence in Group Nondiff-Within and
Group Differential vis-a-vis evidence for such
equivalence in Group All-FR.
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First, note that Group All-FR did not receive
explicit sample-discrimination training as part
of its MTO training (see Table 1). Instead,
these pigeons learned to peck all four samples
nondifferentially to produce the comparison
alternatives. Under these conditions, those
samples would be distinctive, so to speak, only
in terms of which comparison choice was
reinforced following them. Combined with
the fact that one choice was reinforced
following each of two samples and the alter-
native choice was reinforced choice following
the other two samples, these common sample—
comparison relations ought to be a salient
feature of the matching contingencies. But
these very relations are at the heart of acquired
sample equivalence.

Second, and in contrast, pigeons in Groups
Differential and Nondiff-Within not only
pecked differently to the samples but, more
importantly perhaps, they pecked differently
to the two samples occasioning the same
reinforced comparison choice. Under these
conditions, the common sample—comparison
relations defining each sample class may have
been less salient to the pigeon than the fact
that they directly pecked at each class member
differently. After all, when the sample was
present on the center key, pecking at it was
more immediate than the comparison choice
they made after the sample went off.

Of course, this sort of analysis presupposes
that the functional samples are simply the
stimuli appearing on the center key (see, for
example, Mcllvane, Serna, Dube, & Stromer,
2000). But another possibility is that the
functional samples may have been compounds
consisting of the visual stimulus plus its
associated sample-response pattern. Grouping
together those compounds occasioning the
same reinforced choice, the functional sam-
ples for Group Nondiff-Within would be: [V-
FR, R—-CRF] and [H-FR, G-CRF], where V =
vertical, H = horizontal, R = red and G =
green. For Group Differential, the classes
would be: [V-DRL, R-CRF] and [H-FR, G-
CRF]. This sort of class representation high-
lights the within-class differences and between-
class similarities mentioned earlier. One
difference between Groups Nondiff-Within
and Group Differential is the greater be-
tween-class similarity for the former given that
both FR and CRF appear in each sample class,
whereas only the CRF requirement does so for
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the latter group. Perhaps this explains the
somewhat different transfer results in these
two groups.

One approach to identifying what the
functional sample stimuli truly are in, say,
Group Nondiff-Within would be to switch
sample-response  requirements  following
MTO acquisition and observe how this affects
baseline accuracy, if at all. If each functional
sample is visual plus response-pattern com-
pound, switching the response pattern ele-
ment should produce a drop in matching
accuracy. Of course, shifting from an FR to a
CRF requirement would also be expected to
cause a drop if the functional samples were
just the visual stimuli due to shorter viewing
times (cf. Eckerman, Lanson, & Cumming,
1968; Sacks, Kamil, & Mack, 1972). However, a
shift from a CRF to an FR requirement should
enhance (or at least not disrupt) accuracy if
viewing time is crucial. On the other hand, this
particular shift should also cause a drop in
accuracy if the functional samples are visual—-
response compounds instead.

Further research is obviously necessary to
clarify this particular issue. Moreover, it would
also be interesting to know if any variation in
sample-response requirements that does not
introduce the possibility of response media-
tion will inhibit acquired sample equivalence.
For instance, would pigeons trained on MTO
matching in which they peck each sample 10
times on some trials but only once on other
trials (a mixed FR—-CRF schedule) subsequent-
ly show transfer between the samples occasion-
ing the same reinforced choice? Under these
conditions, there are no within-class differenc-
es in sample responding (akin to the condi-
tions for Group All-FR), so acquired sample
equivalence would seem to be predicted.
Likewise, the various samples are not distinc-
tive from one another on the basis of their
sample-response requirements (they are iden-
tical for all samples), although the across-trial
variation in the requirements for each sample
may be sufficiently salient to overshadow the
common choice associations shared by pairs of
samples (see Pearce & Redhead, 1993 for
other disruptive effects of such task-irrelevant
variation).

In any event, the message from these
experiments is clear. The observing-response
requirements for the sample stimuli in MTO
matching, and the way in which those require-
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ments vary across samples occasioning the
same choice and across samples occasioning
different choices, have a clear impact on
acquired equivalence.

REFERENCES

Astley, S., & Wasserman, E. A. (1999). Superordinate
category formation in pigeons: Association with a
common delay or probability of food reinforcement
makes perceptually dissimilar stimuli functionally
equivalent. Journal of Experimental Psychology: Animal
Behavior Processes, 25, 415—-432.

Astley, S., & Wasserman, E. A. (2001). Superordinate
categorization via learned stimulus equivalence:
Quantity of reinforcement, hedonic value, and the
nature of the mediator. Journal of Experimental
Psychology: Animal Behavior Processes, 27, 252-268.

Bhatt, R. S., Wasserman, E. A., Reynolds Jr., W. F., &
Knauss, K. S. (1988). Conceptual behavior in pigeons:
Categorization of both familiar and novel examples
from four classes of natural and artificial stimuli.
Journal of Experimental Psychology: Animal Behavior
Processes, 14, 219-234.

Bovet, D., & Vauclair, J. (1998). Functional categorization
of objects and of their pictures in baboons (Papio
anubis). Learning and Motivation, 29, 309-322.

Cook, R. G., Katz, J. S., & Cavoto, B. R. (1997). Pigeon
same-different concept learning with multiple stimu-
lus classes. Journal of Experimental Psychology: Animal
Behavior Processes, 23, 417-433.

Dickinson, A., Hall, G., & Mackintosh, N. J. (1976).
Surprise and the attenuation of blocking. Journal of
Experimental Psychology: Animal Behavior Processes, 4,
313-322.

Dougher, M. J., & Markham, M. R. (1994). Stimulus
equivalence, functional equivalence, and the transfer
of functions. In S. C. Hayes, L. J. Hayes, M. Sato, & K.
Ono (Eds.), Behavior analysis of language and cognition
(pp- 71-90). Reno, NV: Context Press.

Dube, W. V., Mcllvane, W. J., Callahan, T. D., & Stoddard,
L. T. (1993). The search for stimulus equivalence in
nonverbal organisms. The Psychological Record, 43,
761-778.

Eckerman, D. A., Lanson, R. N., & Cumming, W. W.
(1968). Acquisition and maintenance of matching
without a required observing response. Journal of the
Experimental Analysis of Behavior, 11, 435-441.

Edwards, C. A., Jagielo, J. A, Zentall, T. R., & Hogan, D. E.
(1982). Acquired equivalence and distinctiveness in
matching to sample by pigeons: Mediation by rein-
forcer-specific expectancies. Journal of Experimental
Psychology: Animal Behavior Processes, 8, 244—259.

Fetterman, J. G., & MacEwen, D. (2003). Acquisition and
retention in compound matching with hue and peck
number elements. Learning and Motivation, 34,
354-371.

Frank, A., & Wasserman, E. A. (2005a). Associative
symmetry in the pigeon after successive matching-to-
sample training. Journal of the Experimental Analysis of
Behavior, 84, 147-165.

Frank, A., & Wasserman, E. A. (2005b). Response rate is
not an effective mediator of learned stimulus equiv-
alence in pigeons. Learning & Behavior, 33, 287-295.



WITHIN-CLASS SAMPLE RESPONDING AND ACQUIRED EQUIVALENCE

Goldiamond, 1. (1962). Perception. In A. J. Bachrach
(Ed.), Experimental foundations of clinical psychology (pp.
280-340). NY: Basic Books.

Grant, D. S., & Spetch, M. L. (1994). Mediated transfer
testing provides evidence for common coding of
duration and line samples in many-to-one matching
in pigeons. Animal Learning & Behavior, 22, 84-89.

Haggbloom, S. J. (1981). Blocking in successive differen-
tial conditioning: Prior acquisition of control by
internal cues blocks the acquisition of control by
brightness. Learning and Motivation, 12, 485-508.

Hall, G. (1991). Perceptual and associative learning. NY:
Oxford University Press.

Hayes, S. C. (1989). Nonhumans have not yet shown
stimulus equivalence. Journal of the Experimental Anal-
ysis of Behavior, 51, 385-392.

Hogan, D. E., Zentall, T. R., & Pace, G. (1983). Control of
pigeons’ matching-to-sample performance by differ-
ential sample-response requirements. American Journal
of Psychology, 96, 37-49.

Honey, R. C., & Hall, G. (1989). The acquired equivalence
and distinctiveness of cues. Jowrnal of Experimental
Psychology: Animal Behavior Processes, 15, 338-346.

Honig, W. K., & Urcuioli, P. J. (1981). The legacy of
Guttman and Kalish (1956): Twenty-five years of
research on stimulus generalization. jJournal of the
Experimental Analysis of Behavior, 36, 405-445.

Horne, P. J., & Lowe, C. F. (1996). On the origins of
naming and other symbolic behavior. journal of the
Experimental Analysis of Behavior, 65, 185-241.

Kamin, L. J. (1969). Predictability, surprise, attention and
conditioning. In B. Campbell, & R. Church (Eds.),
Punishment and aversive behavior (pp. 279-296). NY:
Appleton-Century-Crofts.

Lawrence, D. H. (1949). Acquired distinctiveness of cues:
I. Transfer between discriminations on the basis of
familiarity with the stimulus. Journal of Experimental
Psychology, 39, 770-784.

Lionello, K. M., & Urcuioli, P. J. (1998). Control by sample
location in pigeons’ matching-to-sample. Journal of the
Experimental Analysis of Behavior, 70, 235-251.

Lydersen, T., & Perkins, D. (1974). Effects of response-
produced stimuli upon conditional discrimination
performance. Journal of the Experimental Analysis of
Behavior, 21, 307-314.

Mcllvane, W. J., Serna, R. W., Dube, W. V., & Stromer, R.
(2000). Stimulus control topography coherence and
stimulus equivalence: Reconciling test outcomes with
theory. In J. Leslie, & D. E. Blackman (Eds.),
Experimental and applied analysis of human behavior
(pp- 85-110). Reno, NV: Context Press.

Pearce, J. M., & Redhead, E. S. (1993). The influence of an
irrelevant stimulus on two discriminations. Journal of
Experimental Psychology: Animal Behavior Processes, 19,
180-190.

Reese, H. W. (1972). Acquired distinctiveness and equiv-
alence of cues in young children. Journal of Experimen-
tal Child Psychology, 13, 171-182.

Rodger, R. S. (1975). The number of non-zero, post hoc
contrasts from ANOVA and error rate. 1. British Journal
of Mathematical and Statistical Psychology, 28, 71-78.

Sacks, R. A., Kamil, A. C., & Mack, R. (1972). The effects
of fixed-ratio sample requirements on matching
to sample in the pigeon. Psychonomic Science, 26,
291-293.

357

Saunders, K. J., Williams, D. C., & Spradlin, J. E. (1996).
Derived stimulus control: Are there differences
among procedures and processes. In T. R. Zentall, &
P. M. Smeets (Eds.), Stimulus class formation in humans
and animals (pp. 93-109). NY: Elsevier.

Schusterman, R. J., Reichmuth, C. J., & Kastak, D. (2000).
How animals classify friends and foes. Current Direc-
tions in Psychological Science, 9, 1-6.

Sidman, M. (1994). Equivalence relations and behavior: A
research story. Boston: Authors Cooperative.

Sidman, M. (2000). Equivalence relations and the rein-
forcement contingency. Journal of the Experimental
Analysis of Behavior, 74, 127-146.

Urcuioli, P. J. (1985). On the role of differential
sample behaviors in matching-to-sample. Jjournal of
Experimental Psychology: Animal Behavior Processes, 11,
502-519.

Urcuioli, P. J. (2005). Behavioral and associative effects of
differential outcomes in discrimination learning.
Learning & Behavior, 33, 1-21.

Urcuioli, P. J., & Callender, J. (1989). Attentional
enhancement in matching-to-sample: Facilitation
in matching acquisition by sample-discrimination
training. Animal Learning & Behavior, 17, 361—
367.

Urcuioli, P. J., & DeMarse, T. B. (1994). On the
relationship between differential outcomes and dif-
ferential sample responding in matching-to-sample.
Journal of Experimental Psychology: Animal Behavior
Processes, 20, 249-263.

Urcuioli, P. J., & Honig, W. K. (1980). Control of choice in
conditional discriminations by sample-specific behav-
iors. Journal of the Experimental Psychology: Animal
Behavior Processes, 6, 251-2717.

Urcuioli, P. J., & Lionello-DeNolf, K. M. (2001). Some
tests of the anticipatory mediated generalization
model of acquired equivalence in pigeons’ many-to-
one matching. Animal Learning & Behavior, 29,
265-280.

Urcuioli, P. J., & Lionello-DeNolf, K. M. (2005). The role
of common reinforced comparison responses in
acquired sample equivalence. Behavioural Processes,
69, 207-222.

Urcuioli, P. J., Lionello-DeNolf, K., Michalek, S., &
Vasconcelos, M. (2006). Some tests of response
membership in acquired equivalence classes. journal
of the Experimental Analysis of Behavior, 86, 81-107.

Urcuioli, P. J., & Michalek, S. (2007). Value transfer
contributes to ambiguous-cue discrimination learn-
ing. Psychonomic Bulletin & Review, 14, 658—662.

Urcuioli, P. J., Zentall, T. R., & DeMarse, T. (1995).
Transfer to derived sample-comparison relations by
pigeons following many-to-one and one-to-many
matching with identical training relations. Quarterly
Journal of Experimental Psychology, 48B, 158-178.

Urcuioli, P. J., Zentall, T. R., Jackson-Smith, P., & Steirn, J.
N. (1989). Evidence for common coding in many-to-
one matching: Retention, intertrial interference, and
transfer. Journal of Experimental Psychology: Animal
Behavior Processes, 15, 264-273.

Vaughan, W. (1988). Formation of equivalence sets in
pigeons. Journal of Experimental Psychology: Animal
Behavior Processes, 14, 36—42.

Vaughan, W. (1989). Reply to Hayes. journal of the
Experimental Analysis of Behavior, 51, 397.



358 PETER J. URCUIOLI and MARCO VASCONCELOS

vom Saal, W., & Jenkins, H. M. (1970). Blocking the = Wasserman, E. A., & Zentall, T. R. (2006). Comparative

development of stimulus control. Learning and Moti- cognition: Experimental explorations of animal intelligence.
vation, 1, 52—-64. NY: Oxford University Press.

Wasserman, E. A., deVolder, C. L., & Coppage, D. ].
(1992). Nonsimilarity-based conceptualization in pi- Received: August 10, 2007

geons. Psychological Science, 3, 374-379. Final Acceptance: December 11, 2007



